Introduction {#S0001}
============

Amyotrophic lateral sclerosis (ALS), a subtype of motor neuron disease, is a progressive neurodegenerative disease that mainly affects motor neurons responsible for controlling voluntary muscle movement.[@CIT0001] Clinical manifestations are variable among patients due to location and onset of affected areas, rate of disease progression, and a mixture of upper motor neuron and lower motor neuron degeneration resulting in diverse signs and symptoms.[@CIT0002] Clinical features of ALS include progressive muscle weakness, muscular atrophy, fasciculations, spasticity, and hyperreflexia.[@CIT0003],[@CIT0004] ALS involvement of bulbar muscles can result in sialorrhea, dysphagia for solids and liquids, and dysarthria; patients typically require a percutaneous endogastric gastrostomy feeding tube to maintain nutrition intake.[@CIT0004] Respiratory-onset ALS is devastating, and patients may develop dyspnea on exertion, orthopnea, hypoventilation, and pneumonia; therefore, patients often require assisted breathing support devices such as noninvasive positive pressure ventilation, diaphragmatic pacing, or tracheotomy.[@CIT0003],[@CIT0004]

Perioperative anesthesia management for ALS patients is challenging given the heterogeneous nature of the disease. ALS patients may be more sensitive to muscle relaxants and opioids resulting in postoperative respiratory failure, aspiration pneumonia, electrolyte abnormalities and hypovolemia due to poor nutrition intake, and exacerbation of neurologic symptoms and functional decline after surgery.[@CIT0003],[@CIT0005],[@CIT0006] Several large retrospective investigations have reported neuraxial anesthesia to improve perioperative outcomes compared to general anesthesia in patients undergoing lower extremity joint replacement surgery.[@CIT0007]--[@CIT0009] However, there is no consensus on the perioperative management for ALS patients undergoing lower extremity orthopedic surgery because there is a paucity of data due to the rarity and short life expectancy of the disease.[@CIT0010] Therefore, ALS patients present a unique set of circumstances which require a detailed risk versus benefit analysis of regional and general anesthetic techniques on a case by case basis. We present a case of a patient with ALS who successfully underwent a spinal technique as a primary anesthetic for a total hip revision. The patient and his wife (caretaker and power of attorney) provided written consent to review and report this case, and the Mayo Clinic Institutional Review Board approved this project.

Case Presentation {#S0002}
=================

A 75-year-old male (American Society of Anesthesiologists physical status, class III; height, 176 cm; weight, 94 kg; body mass index, 30) presented for right total hip arthroplasty revision due to severe pain. His medical history was significant for diabetes mellitus type II (on insulin and metformin), hyperlipidemia, obstructive sleep apnea (non-compliant with CPAP therapy), and slowly progressive dementia (managed with donepezil; his caretaker is his wife). With respect to his dementia, the patient was diagnosed with mild cognitive impairment 6 years before surgery after taking the Montreal Cognitive Assessment test; however, his symptoms had gradually progressed to a moderate cognitive decline prior to surgery.

The following details the sequence of events: 1 year prior to surgery, his wife first noticed a change in the patient's gait described as shuffling steps. Subsequently, 5 months prior to surgery, the patient started complaining of pain in his thighs and difficulty standing up from a seated position, and 2 months prior to surgery, the patient experienced several falls attributed to frequent tripping. A neurologist was consulted a few days prior to surgery for further evaluation. Physical exam revealed diffusely brisk deep tendon reflexes in upper and lower extremities (Mayo Clinic scale for tendon reflex assessment −4 to +4;[@CIT0011] + 1 (brisk) for biceps, brachioradialis, triceps, quadriceps with crossed adductor response, and Achilles reflexes) with negative Hoffman sign, Babinski sign absent on right and equivocal on left, and visible fasciculations of right external rotators, right deltoid, bilateral gastrocnemius and quadriceps muscles. Motor testing demonstrated mild motor weakness of upper (Medical Research Council scale for muscle power 0 to 5, Right Side/Left Side: external rotators 4/4, deltoid 4/5, biceps 4/5, triceps 4/5, wrist extension 4/5, wrist flexion 5/5, finger extension 4/4, interossei 4/4, abductor pollicis brevis 4/5) and lower extremities (Medical Research Council scale for muscle power 0 to 5, Right Side/Left Side: Iliopsoas 4/4, thigh adductor 5/5, thigh abductors 5/5, quadriceps 5/4, hamstrings 5/5, tibialis anterior 5/5, gastrocsoleus 5/5, foot inversion 5/5, foot eversion 4/4, toe extension 4/4, toe flexion 4/4). Sensory testing was notable for mildly decreased vibration and pinprick sensation in great toes. During gait testing, the patient was slow to stand up, unable to stand on his heels, and was walking with a slight wide-based stance with steppage on the left leg. The patient denied any problems with breathing, chewing, or swallowing. His speech and language were normal, palate elevation was symmetric, and there were no tongue fasciculation. Serology demonstrated an elevated creatine kinase levels up to 1825 U/L (reference level 39--308 U/L). Electromyography study showed neurogenic changes with active denervation in the cervical, thoracic, and lumbosacral segments. Magnetic resonance imaging revealed normal morphology of the spinal cord, conus medullaris, and cauda equina with mild to moderate cervical spondylosis and foraminal stenosis. Head computed tomography taken during evaluation for a recent fall showed mild brain parenchymal volume loss. Electrocardiogram demonstrated sinus bradycardia which was unchanged from a previous electrocardiogram 13 years prior. Given these findings, the patient's clinical and pathological features were highly suspicious for ALS. Of note, he had a hip replacement 10 years ago at an outside hospital with no reported complications; however, the patient was unable to recall the type of anesthetic he received.

On the day of surgery, the patient appropriately fasted for at least 8 hours, and his vital signs were heart rate 97, blood pressure 152/93, oxygen saturation 96%, and respiratory rate 20. After a multidisciplinary team discussion involving the surgical and anesthesia team, the patient elected to have spinal anesthesia due to potential concerns of postoperative respiratory failure associated with ALS. In the operating room, an 18-gauge IV was established, and standard anesthetic monitoring was applied (5-lead electrocardiogram, blood pressure, pulse-oximeter, temperature, and capnography), and intravenous midazolam (2 mg) and fentanyl (50 mcg) were administered for sedation during the spinal procedure. A 1-liter fluid bolus of lactated ringers was administered during the regional anesthesia procedure. The patient was positioned in the lateral decubitus position, and an intrathecal injection of 1.8 mL of 0.75% isobaric bupivacaine was administered using a 22-gauge, 3.5-inch Whitacre needle at L3-L4 via midline approach under sterile conditions. During the surgical procedure the patient received mild sedation with a propofol infusion (10 to 30 mcg/kg/min) titrated to a Richmond Agitation-Sedation Scale of −1, and the patient was spontaneously breathing with a nasal cannula for oxygen support. Intravenous dexamethasone (4 mg), cefazolin (2 g), tranexamic acid (2 g), and ephedrine (25 mg in divided doses) were also administered intraoperatively. The surgeon performed a peri-articular block using a ropivacaine solution for postoperative analgesia.[@CIT0012],[@CIT0013] Surgery was uneventful with a total procedure time of approximately 2 hours. The patient remained hemodynamically stable (heart rate 60 to 70, respiratory rate 14 to 16, oxygen saturation 100%, non-invasive blood pressure mean 65 to 80, skin temperature 36°C) during the intraoperative period with minimal fluctuation in vitals for the exception of periodic low blood pressure readings which was responsive to small doses of ephedrine. In the recovery unit, the patient had minimal pain and he did not experience nausea. He was discharged from the recovery unit within 1 hour of arrival, and his vital signs prior to discharge was heart rate 78, blood pressure 158/86, respiratory rate 14, oxygen saturation 98% on room air, temperature 36.4 °C. Postoperatively, the patient was able to slowly ambulate and participate in physical therapy (Activity Measure for Post-Acute Care Inpatient Short Form during hospitalization: Basic Mobility Raw Score increased from 14 to 18, and Daily Activities Raw Score increased from 16 to 17). He was discharged from the hospital on postoperative day 7 to a skilled nurse facility for ongoing rehabilitation. No neurological complications were noted during his hospitalization and at a 6-month follow-up.

Discussion {#S0003}
==========

ALS is a progressive neurodegenerative disease primarily affecting the upper and lower motor neurons. Death generally occurs from respiratory insufficiency due to debilitating muscle weakness. Our case describes a patient suspicious for limb-onset ALS, likely in the early stages because his ALS clinical manifestations were limited to the muscles of the lower extremity. Currently, there is no universal agreement on the ideal anesthetic technique (regional versus general anesthesia) for ALS patients undergoing lower extremity total joint replacement. Further, there is no information guiding anesthetic management in patients with early versus advanced clinical features, as well as different phenotype presentations (eg, limb-onset versus bulbar-onset) of this fatal disease.[@CIT0004],[@CIT0010]

Some major anesthetic concerns in this patient population include autonomic dysregulation, gastric aspiration, postoperative respiratory failure, and increased sensitivity to opioids and sedative agents. We applied a cautious approach to our anesthetic plan for two reasons: 1) the lack of robust clinical trials evaluating safety outcomes in ALS patients undergoing different anesthesia techniques, and 2) the risk of sub-clinical symptoms of respiratory, bulbar, or autonomic nervous system involvement, which could be exacerbated during the perioperative period (eg, anesthetic medications, acute blood loss, upregulation of inflammatory markers from surgery). Additional testing was not performed because the patient required surgery regardless due to his severe pain and diminished quality of life; further, additional work-up would not preclude his surgery. Accordingly, our anesthetic goals entailed minimizing hemodynamic perturbations, limiting opioid consumption, avoiding use of neuromuscular blocking agents, and avoiding airway manipulation. In a team discussion involving the patient, family, anesthesia, and surgical teams, it was decided that a spinal anesthetic with mild sedation would be the best option to achieve the anesthetic goals for this patient.

Large databases comparing regional anesthesia to general anesthesia for lower extremity surgery are limited to patients with no pre-existing central nervous system (CNS) disorders. Previous investigations report regional anesthesia to be associated with lower 30-day mortality, shorter hospital length of stay, decreased transfusion rate and overall reduced perioperative morbidity.[@CIT0007]--[@CIT0009] In contrast, the impact of general anesthesia on pulmonary function should be strongly considered in ALS patients given the progressive weakness affecting the respiratory muscles inherent to the destructive pathogenesis of the disease.[@CIT0014] Other complications of ALS patients undergoing general anesthesia include aspiration pneumonia, residual muscle paralysis requiring ventilator support after rocuronium reversal with Sugammadex, and life-threatening hyperkalemia after succinylcholine administration.[@CIT0003],[@CIT0015],[@CIT0016] In a recent case series from our institution, Hoeper et al reported general anesthesia related complications in a cohort of 78 ALS patients, including four cases of prolonged postoperative intubation related to pre-existing respiratory muscle weakness, one case of post-extubation respiratory distress requiring tracheal re-intubation, and four cases of prolonged hospital stay.[@CIT0003]

There are several important risks to consider in ALS patients undergoing spinal anesthetics. The degree of autonomic nervous system dysfunction parallels the natural progression of the disease, and can present as vagal withdrawal with sympathetic predominance, vasomotor instability, or sympathetic denervation with vagal predominance.[@CIT0017] Initiation of spinal anesthesia can result in local sympathectomy and vasodilation, both contributing to hypotension. Further, high spread of local anesthetics can result in blockade of the T1-T4 cardioaccelerator fibers, resulting in hypotension and bradycardia with ensuing cardiovascular collapse. In this scenario, spinal induced hypotension can theoretically be exacerbated by ALS associated autonomic dysfunction. To minimize this, we provided one liter of intravenous fluid in the beginning of the case and we utilized an isobaric local anesthetic solution, which spreads in the subarachnoid space unrelated to position and gravity. Hyperbaric solutions can also be administered; however, careful patient position is crucial to preventing further cranial spread as the solution is dependent on gravity and curvature of the spine in any horizontal position.[@CIT0018] Further, vasoactive medications and invasive monitoring (eg, arterial line) should be readily available to treat and monitor hemodynamic instability, respectively. Conduction abnormalities can occur in ALS patients;[@CIT0017] therefore, a preoperative EKG is valuable, and at least 5-lead EKG monitoring is essential during the perioperative period.

Spinal anesthesia is commonly performed with administration of analgesics and anxiolytics during the block procedure to help alleviate pain and anxiety, respectively, and titration of sedation agents during the intraoperative period under monitored anesthesia care. Moderate anesthesia care can have deleterious consequences in ALS patients with poor pulmonary reserve and/or in patients who are unable to adequately clear secretions. Specifically, previous studies have reported cases of aspiration pneumonia, respiratory distress requiring prolonged mechanical ventilation, and high risk of 30-day mortality during moderate anesthesia care.[@CIT0019],[@CIT0020] We administered a propofol infusion at a dose which provided mild sedation and permitted spontaneous respiration, purposeful feedback to tactile and verbal stimulation, and did not require airway manipulation (especially important given his predilection to airway obstruction due to obstructive sleep apnea).[@CIT0021] It would be prudent to have the patient awake or mildly sedated since higher doses of propofol can result in loss of airway and gastric reflexes, in addition to impaired cardiovascular and ventilatory function consequently exposing ALS patients to increased risk of complications.[@CIT0021]

Though rare, nerve injury after spinal anesthesia can occur in the general population through various mechanisms, some of which include mechanical trauma from inadvertent needle penetration of neural tissue, nerve ischemia from epinephrine induced vasoconstriction, compression of spinal cord from epidural hematoma or volume of epidural injectate, and chemical nerve injury such as local anesthetic neurotoxicity. Patients with pre-existing CNS disorders can potentially be at increased risk for nerve injury or experience exacerbation of their preoperative neurologic symptoms due to a "double-crush" phenomenon where patients with previous neural compromise may be prone to a secondary insult from the aforementioned mechanisms.[@CIT0022]--[@CIT0024]

Current literature evaluating the safety of regional anesthesia in ALS patients is conflicting. Dripps and Vandam reported a case series of 11 patients with pre-existing neurologic diseases, including ALS, who experienced worsening neurologic symptoms after undergoing spinal anesthesia.[@CIT0005] Similarly, Kane et al reported a series of neurologic sequelae after spinal and epidural anesthesia.[@CIT0025] More recently, Hara et al described a case of a successful lumbar epidural anesthesia for inguinal herniorrhaphy in a 69-year-old patient with ALS complicated by a transient postoperative decrease in vital capacity.[@CIT0014] Other cases of uneventful neuraxial anesthesia have been described in ALS patients with no associated neurologic complications.[@CIT0023],[@CIT0026] Finally, Hebl et al investigated a large series of 139 patients with pre-existing CNS disorders, including 5 cases of ALS, who underwent neuraxial anesthesia and analgesia. None of the patients had new or worsening postoperative neurologic deficits during follow-up when compared with preoperative findings.[@CIT0024] Despite these new encouraging data on regional anesthesia in patients with ALS, no definite consensus on the use of regional anesthesia currently exists. Of note, the neurologic complications reported several decades ago were primarily related to pre-existing spinal stenosis, spinal cord tumors, and specific local anesthetics concentrations and preparation of the injectate solution.[@CIT0005],[@CIT0025],[@CIT0027] Moreover, identifying the etiology of postoperative neurologic deficits is often complex because other contributing factors include body habitus, tourniquet inflation pressure, improper patient positioning, and prolonged or difficult labor.[@CIT0024] Recently, surgical stress has been associated with postoperative inflammatory neuropathy irrespective of anesthetic management.[@CIT0028],[@CIT0029] Overall, the possibility of postoperative neurologic deterioration should be considered in patients with ALS and weighed against the risk of worsening respiratory failure after general anesthesia.

In conclusion, we reported an uneventful case of spinal anesthesia in a patient with recent diagnosis of ALS undergoing a lower extremity arthroplasty procedure. Although no definite recommendations can be given based on this case report, spinal anesthesia can be an alternative option for ALS patients undergoing lower extremity orthopedic procedures. Ultimately, the decision to use regional anesthesia should be individualized on a case-by-case basis involving a thorough risk-benefit analysis, establishing goals for safe perioperative management, and initiating a multidisciplinary discussion between the patient, anesthesia, surgery, and neurology teams. Further prospective studies are needed to make definitive conclusions on the safety of regional anesthesia techniques in this high-risk patient population.

Abbreviations {#S0004}
=============

ALS, amyotrophic lateral sclerosis; CNS, central nervous system.

Ethics Approval and Consent to Participate {#S0005}
==========================================

This project was approved by the Mayo Clinic Institutional Review Board.

Consent for Publication {#S0006}
=======================

Written informed consent for publication of the clinical details was obtained from the patient.

Author Contributions {#S0007}
====================

All authors participated in the design, execution, and/or analysis of the work presented, attests to the accuracy and validity of the contents, * *took part in drafting,  revising or critically reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article has been submitted; and agree to be accountable for all aspects of the work.

Disclosure {#S0008}
==========

The authors declare that they have no competing interests in this work.
